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Abstract 
Concurrent engineering and performance measurement are both manufacturing industry concepts that have 
coexisted and complemented each other for the manufacturing industry success. Construction industry has integrated 
manufacturing philosophies but still waits for the success manufacturing industry enjoyed. With the help from the 
literature, the paper looks into the status of performance measurements in construction. The literature review 
generated more questions than answers. It reflected that the existing construction industry structure needs 
overhauling. Finally, the paper presents six questions with the help of literature evaluation for future research to start 
a focused debate on measuring the success of concurrent construction. 
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1. Introduction  
Due to the size of the construction industry, productivity trends in this industry have notable effects on national 
productivity and on the economy as a whole (Allmon et al., 2000). Construction industry adopted philosophies from 
the manufacturing industry like concurrent and lean manufacturing for productivity improvements. Manufacturing 
industry have testified many success stories from Concurrent Engineering (CE) application. Fine et al. (2005) 
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reported 30-60 % reduction in time-to-market, 15-50 % reductions in life costs and a 55-95 % reduction in 
engineering change request with CE applications in automotive industry. Performance measurement is also a 
manufacturing industry concept, it was initially introduced and successfully implemented in the manufacturing 
industry (T. Haponava et al., 2012). Performance measurement plays an important role in ensuring the project 
success and its subsequent usefulness to the sponsoring organization (Pillai et al., 2002).  
Construction industry is notoriously fragmented with a typical project involving up to six or more different 
professional disciplines (Anumba et al., 2000). Fragmented nature of the construction industry lead to slightly 
different evolution of performance measurements in the construction industry to the manufacturing industry. The 
paper reviews the status and the evolution of the performance measurements in the construction industry in a 
theoretical framework to investigate how we can measure the success of concurrent engineering projects. It also 
indicates and discusses six areas for the focus of future research to simulate the success from the manufacturing 
industry for the construction industry. 
2. Research Method and Limitations 
The paper is inspired by the experiences gained by the author working in concurrent projects for construction and 
offshore industry for the last 5 years. The author was involved in the production of (Building Information 
Modelling) BIM models and the follow up of execution activities with design information between contractors, sub-
contractors and suppliers. As Easterby-Smith et al. (2008) described the influence of experience as acting as a 
sensitizer and filter for the researcher. The study is restricted to the performance measurement systems that author 
experienced in the Norwegian industry and aimed the research for the improvement of the existing systems. 
The paper is a first step to a larger study aimed at improving the performance of the Norwegian construction 
industry.  The literature part of the study followed the steps specified by Blumberg et al. (2011), 1) building of an 
information pool, 2) application of a filter to reduce pool size, 3) a rough assessment of sources to further reduce 
pool size, 4) an analysis of the literature in the pool and 5) the refinement of filters or stop search. The performance 
measurement literature was searched with the help of Web of Science, Google Scholar and Scopus. The literature 
was than divided into two pools a pool of efficiency measurements and a pool focused on measuring the 
effectiveness. 
The secondary literature pool with the keywords of `Performance Measurements in Construction` `Concurrent 
Engineering` `Concurrent Construction` & `Performance measurement in Concurrent Construction` was skimmed to 
350 publications in an Endnote library. The performance literature was than filtered to the influential and most cited 
authors with the help of (Taticchi et al., 2010) where they used (A. Neely, 2005) citation/co-citation analysis in there 
web based search using ISI web of Knowledge database on `performance measurement`. The publications with more 
relevance to the existing construction industry structure and methodologies already in practice by the Norwegian 
construction industry were than selected for closer examination by the author’s experience.  
To limit the first leg of the study concurrent readiness models (BEACON model, CERAMConstruct Model) and 
uncertainty evaluation techniques (fuzzy models, evidence theory, system simulation method, Information theory 
method, Grey theory, Artificial Intelligence, Dynamic evaluation method, Interactive multi objective evaluation 
method, Rough sets method, AHP models and DEA etc.) were marked out of scope. 
3. Theoretical Framework 
Against the traditional sequential engineering, concurrent introduced the concept of simultaneous or parallel 
engineering to the construction industry to reduce project time. Evbuomwan et al. (1998) in the context of 
construction defined Concurrent Engineering (CE) as an `attempt to optimize the design of project and its 
construction process to achieve reduced lead times, and improved quality and cost by integration of design, 
fabrication, construction and erection activities and by maximizing concurrency and collaboration in working 
practices`. Due to an increased global pressure to construct a building or a facility as early as possible, parallel 
processing in CE is becoming a necessity (Kamara et al., 1997). The earliest definition of CE came forward by 
Winner et al. (1988) and concurrent practices in the construction industry started to surface during late 1990`s 
(Evbuomwan et al., 1998; Kamara et al., 1997).  
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In the context of project management (Jaafari, 1997) stated that `the main objective of the concurrent 
construction is to install a system of project management that will drive the entire project over its life cycle 
proactively, in a manner that capitalizes on opportunities while steering the project clear of the constraints it faces`. 
Performance predicts success and success factors affect performance (Cooke-Davies, 2002). (Slevin et al., 1986) 
identified the fact that element of success in a project refers to efficiency and effectiveness measures. Efficiency 
measures correspond to the strong management and internal organizational structures (adhere to schedule, budget 
and specification) and effectiveness measures refer to user satisfaction and the use of project (Takim et al., 2002). 
Construction industry reports a history of efficiency measures but effectiveness measurements started in the 1950s 
and built up momentum in the late 1970s. 
3.1. Evolution of efficiency measures 
The conventional measures of time, cost and scope have always been important but the evolution of scope and 
cost control into relatively precise processes occurred in the industrial revolution in the 18th century (Weaver, 2006). 
Dr Martin Barnes (UK) with the notion of core project constraints developed the `triple constraint` for successful 
project delivery around 1969 and named it `The Iron Triangle`. The three constraints of the iron triangle are time, 
cost and scope (the correct scope and the correct quality). Changing one constraint affects the other two e.g. adding 
more scope will increase cost and/or time. The efficiency measures may directly or indirectly use the iron 
constraints: Unit/man hours, $/unit, cost, on time, quality control, % complete, earned man-hour or lost time 
accounting the list can go on. 
Traditionally, performance was measured only in terms of progress, i.e. completeness of work on the basis of a 
time line (T. Haponava et al., 2012). Some of the initial management tools were scheduling tools that were used for 
planning, controlling and measuring the progress. Bar charts can trace its origins to 1765 `Chart of Biography` by 
(Priestley, 1764). Table 1. Summarizes the scheduling techniques extensively used in construction. 
Table 1. Construction Scheduling Techniques. 
An example of a column heading Scheduling Techniques 
(Priestley, 1764) Bar charts 
(Gantt, 1919) Gantt charts 
(Kelley Jr et al., 1959) CPM (Critical Path Method) 
(Malcolm et al., 1959) PERT (Program Evaluation and Review Technique) 
(Goldratt, 1997) CCPM (Critical Chain Project Management) 
(Ballard, 2000) LPS (Last Planner System) 
 
The philosophy of concurrent construction is to achieve the maximum duration overlap in the design and 
construction activities for maximum reduction of time and issues with systematic implementation are very difficult 
(Maheswari et al., 2006). Overlapping activities generate a high number of interdependent activities. Interdependent 
activities are at least two activities that depend upon each other to start and progress (in terms of information). 
Conventional tools like CPM and PERT are not suitable for sequence analysis because they cannot model 
interdependent activities (Eppinger, 2001). Information reduces the interdependent activities (Maheswari et al., 
2006) it can split them into activities or combine them into single task. This is where LPS have an advantage over 
the traditional planning techniques; the pull planning pulls more information from the project participants. 
LPS introduced construction industry with the concept of pull planning in a systematic approach and integrated 
five main elements. The five elements Master plan (MP), Phase planning, Look Ahead planning, Weekly work 
planning (WWP) and Percentage Plan Completed (PPC) (Ballard, 2000). The first four elements are the planning 
layers ranging from general master plan to the WWP .By the LPS methodology, individuals or project teams commit 
to complete assigned tasks in a weekly meeting and the progress is measured in percentage to the weekly plan.  PPC 
provided the managers with better control and documentation over unfinished tasks. PPC addressed both design and 
construction phases of the project. 
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CCPM addressed dependencies with the account of resources to establish the project duration with critical chain. 
Critical chain differed from critical path in the term that critical chain can be of longer duration than critical path and 
it introduced time buffers for effective time management. Critical chain primarily endeavours to shorten the project 
duration, with cost reductions and other benefits as secondary benefits (Koskela et al., 2010).  
3.2. Evolution of effectiveness measures 
In the 1980s the west recognized that Japanese economic success (with limited resources) was the result of 
operational efficiency and effectiveness (Hayes et al., 1980). Many researchers had already criticized and reasoned 
about the limitations associated with the traditional financial measures in 1980s amongst the frontlines were (Dixon 
et al., 1990; Hayes et al., 1980; Kaplan et al., 1992; Keegan et al., 1989) which lead to the exploration of new 
dimensions of business performances. Some of the performance measurement systems that made a significant 
impact on the concept of performance and provided a template for the businesses to design their performance 
indicators include: (Azzone et al., 1991; Brignall et al., 1991; Cross et al., 1988; Dixon et al., 1990; Kaplan et al., 
1992; Keegan et al., 1989; Maskell, 1989; Andy Neely et al., 2001). Different performance models and frameworks 
addressed to different aspect of performance, business excellence models like European Foundation for Quality 
Management (EFQM, 1995), The Malcolm Baldrige National Quality Award (MBNQA, 1988) and (Deming-Prize, 
1986) opted for quality management for performance improvements. For a detailed review on performance 
measurement systems see (Nudurupati et al., 2011; Taticchi et al., 2010). 
3.3. The explosion of performance indicators 
Performance indicators (PI`s) are tools used within the performance measurement systems to assess the 
performance of various processes. Performance Indicators (PI`s) were defined as the quantifiable measures of 
Critical success factors (CSF`s) by (Mbugua et al., 1999). Performance Indicators (PI`s) are the measurable evidence 
necessary to prove that a planned effort has achieved desired results (Kaufman, 1988). Establishing the list of 
performance indicators from literature over the span of 1985-2005 (Korde et al., 2005) reported a list of 77 
indicators, which they categorized as the master list. The master list short-listed the secondary list and only 
contained the indicators of significant importance; the qualification criteria for the master list was further tighten up 
by the non-repetitive and frequency analysis (an indicator listed in at least 20 percent of the papers included in the 
literature pool). The master list of (Korde et al., 2005) is just a small reflection of explosion of performance 
indicators during the performance revolution in the late 1980s-90s. 
Procedures, frameworks, models and guidelines for designing performance indicators appeared in many 
publications throughout the performance revolution. Developing the performance indicators fitting to organizational 
needs, where each organization differs from the other strengthened the view of Eccles (1991) that performance 
measurement system design should start from the scratch. The Construction industry is a project-oriented industry 
where each project is unique and could be considered as a prototype, although a similar set of process stages is 
involved in every project (Wegelius-Lehtonen, 2001). No single solution or answer exists for all situations, the 
problem was elaborated by Andy Neely et al. (2001) that performance is a multifaceted and each framework or 
method addresses a unique perspective of performance. 
     Table 2. Construction benchmarking programs. 
Benchmarking Programs Key Performance Indicators 
CBPP-KPI Construction Cost, Construction Time, Predictability Cost, Predictability 
Time, Defects, Client Satisfaction Product, Client Satisfaction Service, 
Safety, Profitability, Productivity. 
CII-BM&M Project Budget Factor, Project Cost Growth, Project Schedule Factor, 
Project Schedule Growth, Recordable Incident rate, Lost work day case 
incident rate, Change cost factor, Total field rework factor. 
CII 10-10 Planning, Organizing, Leading, Controlling, Design Efficiency, Human 
Resources, Quality, sustainability, Supply Chain, Safety. 
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3.4. Controlling to chain reaction of performance indicators 
General perception from Spitzer (2007) would not be wrong for the construction industry that companies have 
dig themselves data mines and are being buried under these mines, measuring the wrong things or unnecessary 
things brings with it high costs of measurement, both in terms of actual cost and opportunity cost. It didn`t took long 
for the researchers to gauge the problems associated with over measuring and the research got oriented towards 
establishing a smaller set of indicators that only targeted the aspects of performance that are most critical for the 
success (Key Performance Indicators- KPIs). 
The research in developing construction KPI`s got much needed momentum after the reports of Latham (1994) 
and Egan (1998), both proposed performance measurements for performance improvements. As a result of Egan 
(1998) report Construction Best Practice Program CBPP (2002) launched the KPI`s for performance measurement 
(Bassioni et al., 2004). The CBPP-KPI`s were targeted at the meeting the construction targets set by Egan (1998) 
report for performance improvements. Initiatives like Performance Assessment System (PAS) emerged from 
Construction Industry Institute (CII) dating back to 1995. Table 2 presents CBPP & CII key performance indicators. 
The latest to the cause is CII10-10  benchmarking program that measures the effect of 10 input to 10 output 
indicators. 
3.5. Measuring the Key Performance Indicators (KPI`s) 
The concept behind using KPI`s is based on the concept of benchmarking used in business processes and 
products in other industries (T. Haponava et al., 2012). Measurements are relative, the results needs to be compared 
with the planed effort and reference value in order to identify the standard (Atkinson et al., 1997; Chan et al., 2001; 
Mbugua et al., 1999). KPI`s are explicit performance measures that have mainly been used in the construction 
industry to benchmark construction projects against each other and to indicate whether improvements are being 
made (Tatsiana Haponava et al., 2010). 
CII adopted (Hudson, 1997) definition of benchmarking `A systematic process of measuring one`s performance 
against results from the recognized leaders for the purpose of determining best practices that lead to superior 
performance when adopted and implemented`. 
3.6. Criticism of KPI`s and benchmarking 
Construction industry has developed a large number of KPI`s and despite the claims about their usefulness they 
received a fair amount of criticism from many researcher (see (Beatham et al., 2004; El-Mashaleh et al., 2007)).  
The KPI`s are designed not to give insight into the means of improving performance and therefore have limited use 
for internal management decision making (Bassioni et al., 2004). KPI`s are `lagging` measures (T. Haponava et al., 
2012), they are used for review purposes after a completion of the project and do not provide the opportunity during 
the project development and execution stages.  
4. Questions from the literature for future research 
Literature review resulted in following questions associated with measuring the success of concurrent 
construction for future research.  
x Fragmentation of construction industry 
x Confusion over performance measurements 
x Most construction KPIs are lagging indicators 
x Hybrid scheduling techniques required 
x Continuous performance measurement during the concurrent process 
x Understanding and integration of concurrent philosophy 
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5. Discussions 
Construction differs from the manufacturing by the nature of one-of-a-kind products, mainly site productions and 
does not allow the regular testing of the product as in the manufacturing industry for new product development. A 
high degree of fragmentation between the professional parties involved in construction deign and execution 
activities makes it even more difficult for the construction industry to imitate the manufacturing industry. In the 
concurrent framework Anumba et al. (2000) advocates that design of processes to achieve repetitiveness as a basis 
for cost effective construction, which also leads to high quality. The concurrent design in construction should target 
maximum defragmentation of the construction industry integrating a high degree of standardized activities. 
Construction is a highly diverse activity; diversity reflects the degree of variation among stakeholders within the 
project scope (Hussein, 2012), which adds to the difficulty and confusion in the construction industry on what to 
measure. A project may seem successful to the client may be a complete unsuccessful venture for contractors or end 
users (Ogunlana, 2008). High diversity effects strategy and often drifts the projects away from the strategic goals. 
Construction industry lacks clear and targeted measures to keep the project aligned to the strategic goals throughout 
the life cycle of the project. 
In concurrent scheduling activities are planned simultaneously rather than sequentially and keeping the track of 
complex dependencies with the time is a critical task (Anumba et al., 2000). Schedule synchronization with the help 
of project participants is a vital task for diverse construction activities. Better synchronization is required between 
the consultant, contractor and sub-contractor plans for the success of concurrent projects. The future research should 
look into creating hybrid schedules using pull and push planning at the same time to streamline the information 
channel for high degree of schedule synchronization. 
Concurrent is an active management philosophy and require `active measurements` for management support. 
Active measures should be able to measure performance while project is running so control actions can be taken if 
necessary. Several researchers have emphasized the need to use indicators to measure performance at the process 
level (T. Haponava et al., 2012), to benefit more from the KPI`s. But so have has the inability of the KPI`s to 
measure project performance at process level criticized by plethora of researchers (see (Beatham et al., 2004; Feurer 
et al., 1995; Marosszeky et al., 2004). According to Dow et al. (1996)`If you don’t translate measures into actions, 
you may as well throw them out the window`. Construction industry needs an active performance measurement 
system to steer the project during any stage desired because construction will always offer limited testing of the new 
products as compared to manufacturing industry. 
 The feedback loop and consequent decision making are necessary to convert measurement system into 
management systems (Grady, 1991; Medori, 1998). Performance measurements have no or limited used if it not 
support or guide timely decision making for management actions. Benchmarking the construction projects provides 
a good platform to rank the projects against the competitors but standardized benchmarking programs (CII, CBPP) 
using the KPI`s lagging in nature. They also fail to reflect the degree of complexity, degree of concurrency and 
degree of defragmentation achieved to benchmark the integration of manufacturing concept for learning and 
reporting the level of success achieved. 
6. Conclusions 
Construction industry needs conceptual overhauling if it plans to imitate the success of manufacturing industry. 
Industrial engineers relate the success of concurrent engineering to the level of integrated concurrent philosophy, 
from the literature review hardly reflected any indicators that reflected upon the level of integration of concurrent 
philosophy. Most KPI`s are lagging in nature and are of no or limited use to the concurrent construction projects. 
CII and CBPP provide good platform for project-level performance analysis but are not as effective in 
organizational level performance analysis and they have limited use during the project execution stages. Lagging 
performance indicators should be replaced for active performance indicators for better control of projects. The 
confusion with a large number of KPI`s should be simplified and simple targeted KPI`s understandable to all project 
participants should be deployed in the construction industry. 
For future research, performance measurements should be broken down with the work break down structure of 
the concurrent construction project. Indicator should be categorized on the nature of concurrent activities 
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(dependent, independent, interdependent), were interdependent indicators should be tested as KPI`s for a reduced set 
of indicators. The future KPI`s should be developed from the perspective of degree of concurrency, degree of 
fragmentation of the project and degree of schedule synchronization. 
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